To evaluate factors associated with the change in dry eye symptoms following laser vision correction.
D ry eye is the most commonly reported side effect of laser in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK), occurring transiently in up to 50% of patients. 1, 2 Ocular surface discomfort has been associated with a decline in patient satisfaction 3, 4 and quality of vision, 5, 6 and the development of depressive symptoms in cases of severe chronic dry eye disorder. 7, 8 Because of the potential impact of significant ocular surface discomfort, it is important to understand the risk factors associated with the development of this condition to improve patient counseling and selection in refractive surgery. There has been a recent and necessary emphasis on the patient experience and patient-reported outcome measures as important considerations in the evaluation of the safety and efficacy of laser vision correction. 6 The objective of this study was to examine the effect of age, gender, and procedure type on patient-reported dry eye symptoms following laser vision correction.
PATIENTS AND METHODS
This study was deemed exempt from review by the Committee on Human Research at the University of California in San Francisco because it used retrospective, de-identified patient data and therefore it is not considered human research. All patients provided informed consent to undergo LASIK or PRK and agreed to have their de-identified data collected for statistical analysis.
All records without patient identifiers were extracted from the Optical Express (Glasgow, United Kingdom) electronic database using the following criteria: primary LASIK or PRK performed between January 2013 and February 2016, attended the 3-month postoperative examination, and completed the preoperative and 3-month postoperative patient-reported outcome questionnaires.
All patients desired improved vision without optical aids and met the indications for laser vision correction specified by the excimer laser user manual (VISX Star S4; Johnson & Johnson Vision Care, Inc., Santa Ana, CA), with the exception that patients with an autoimmune disease could undergo surgery if their condition was stable and well controlled. Patients with significant clinical signs of dry eye or frequent users of artificial tears were not considered for laser refractive surgery based on the clinician's judgment at the time of the evaluation.
The Intralase iFS laser (Johnson & Johnson Vision Care, Inc.) was used to create all LASIK flaps with a programmed flap thickness of 100 to 120 µm and a superior hinge. For PRK procedures, the epithelium was removed using an alcohol solution, with some surgeons discarding the epithelium and some repositioning it after ablation. A bandage contact lens was placed for all patients who underwent PRK. The Visx Star S4 excimer laser (Johnson & Johnson Vision Care, Inc.) was used for all ablations.
Postoperatively, patients who underwent LASIK were prescribed a third-generation fluoroquinolone and 1% prednisolone acetate, and were instructed to instill the eye drops four times a day for 1 week and to use an artificial tear solution four times a day for 1 month. Postoperatively, patients who underwent PRK were prescribed a third-generation fluoroquinolone and fluorometholone 0.1% and instructed to instill the eye drops four times a day for 1 week (or until the epithelial defect was healed) and four times a day for the first week followed by a weekly taper off over the course of the next 3 weeks, respectively. Patients who underwent PRK were also prescribed tetracaine 1% eye drops and artificial tears and were instructed to use them as needed for pain during the first 3 postoperative days and four times a day for 1 month, respectively.
Patient and surgeon preference was the primary driver for the procedure choice. However, the following groups of patients were selected for PRK: patients with a central corneal thickness (CCT) of less than 480 µm, patients who would have a residual stromal bed of less than 250 µm with LASIK, patients who had an epithelial basement membrane disease, and patients with subtle corneal shape anomalies assessed by Scheimpflug-based topography. Surgeries were performed by 21 surgeons in 25 surgical centers throughout the United Kingdom.
Patients were asked to complete a patient-reported outcomes questionnaire preoperatively and at all post-operative examinations. It was self-administered and used a password-protected and secure computer terminal in an isolated area of the clinic. Patients were instructed that their responses would be anonymous and would not be shared with their treating physicians. There were two main questions related to dry eye symptoms regarding the severity and frequency of dry eye. For the dry eye severity question "Think about your vision during the last week. Please rate the degree of difficulty you experienced with dry eyes," patients reported the difficulty on a scale from 0 (no difficulty) to 6 (severe difficulty). The dry eye frequency question "During the last week, how often have you experienced discomfort due to dry eyes?" was reported on a scale from 0 to 4 (0 = none of the time, 1 = some of the time, 2 = half of the time, 3 = most of the time, and 4 = all of the time).
StatiStical analySiS
Descriptive statistics were performed to characterize the data. For non-parametric data, the median and interquartile range (IQR) (25th to 75th percentiles) were calculated. Visual outcome data were analyzed on a per-eye basis. Patient-reported outcome data were analyzed on a per-patient basis. The Wilcoxon Mann-Whitney U test was used to compare means between non-parametric populations.
To analyze variables that had unique values for each eye in relation to patient-reported outcomes data, the value from the eye with the worse preoperative refractive error was used. For example, in analysis of the manifest spherical equivalent in relation to patient-reported outcomes, the eye requiring the greater amount of correction was used.
An exploratory univariate linear regression was performed to analyze factors that might influence preoperative dry eye symptoms and the preoperative to postoperative change in dry eye symptoms. This analysis was conducted on a per-patient basis. Factors that had a P value of .10 or less in the univariate model were used to construct a multivariate model. Variables that were not statistically significant in a univariate model but were potential confounders were also included in the multivariate analysis.
Because a separate analysis of dry eye frequency and severity responses indicated the same significant contributing factors, a combined dry eye score was constructed and gave equal weight to both questions. The two questions were strongly correlated both preoperatively (r = 0.76, P < .001) and postoperatively (r = 0.80, P < .001). To aid interpretation of the regression models, the scale was normalized to 0 to 100 for preoperative dry eye, with 0 being no dry eye symptoms and 100 be-ing the worst possible dry eye frequency and severity. For the preoperative to postoperative dry eye change, the scale was normalized to -100 to +100, with 0 representing no change, +100 representing no preoperative dry eye symptoms and the worst possible postoperative symptoms, and -100 being the worst possible preoperative symptoms and no postoperative symptoms.
RESULTS
A total of 13,319 patients (25,886 eyes) met the inclusion criteria. Of these patients, 7,141 (53.6%) were women. The median age was 33.0 years (range: 18 to 74 years, IQR: 26 to 44). Women were more likely to have preoperative myopia and to undergo LASIK (Table 1) than men. A subset of patients (n = 5,869, 44%) provided information regarding their preoperative habitual spectacle or contact lens wear. Of those who provided this information, 2,517 (43%) wore contacts and 3,352 (57%) wore spectacles for optical correction. Contact lens wearers were more likely to be women (47.7% of women vs 37.1% of men). Contact lens wearers also tended to be younger, with a median age of 33 years (IQR: 25 to 39) among contact lens wearers and a median age of 37 years (IQR: 27 to 47) among spectacle wearers (P < .001).
PreoPerative Dry eye SymPtomS
Prior to surgery, women were more likely to report higher levels of dry eye symptoms than men ( Table  1) . Overall, the majority of patients (58.5%; n = 7,793) reported zero dry eye frequency and severity prior to surgery. Overall, the degree of preoperative dry eye frequency and severity decreased with increasing age for both men and women (P < .001, Figure 1 ).
In the univariate analysis ( Table 2) , female gender, decreasing age, season, preoperative contact lens use, and a hyperopic correction were associated with greater preoperative dry eye symptoms. Because contact lens use was such a significant factor in the univariate model and contact lens data were not available for the entire population, the multivariate model ( Table 3) was constructed using the subset of patients for whom preoperative habitual correction use was available. In this model, contact lens use (vs spectacles) and women (vs men) were associated with more dry eye symptoms before surgery. Overall, the model was poorly predictive and accounted only for 1.1% of the variance in preoperative dry eye symptoms (r 2 = 0.011). Similar results were obtained for the group without the inclusion of contact lens use.
change in Dry eye SymPtomS
Patient-reported dry eye frequency and severity increased after surgery for men and women in all age groups. In the univariate regression model, age, preoperative hyperopia, degree of preoperative dry eye symptoms, preoperative contact lens wear, and procedure type were significantly related to dry eye symptom change ( Table 2) . Although gender was not significant in the univariate model, it was included given its potential as a confounder because it had interactions with procedure type, refraction, and contact lens use.
In patients who had mild dry eye symptoms before surgery, 20.5% (n = 1,361) of women and 17.5% (n = 1,008) of men reported moderate to severe symptoms 3 months after surgery ( Table 1) . Of the patients who reported moderate to severe symptoms before surgery, 73.5% (n = 515) of women and 78.9% (n = 312) of men reported mild symptoms 3 months after surgery.
In a multivariate model, gender, preoperative dry eye symptoms, and procedure type were significantly related to the dry eye symptom change from preoperatively to postoperatively ( Table 3) . A sensitivity analysis conducted with patients without available preoperative, habitual correction data yielded similar results.
Patients who underwent PRK were more likely to report an increase, although small, in dry eye symptoms (mean difference: 3.99; 95% CI: 1.64 to 4.82, P < .001). Because the dry eye composite scale was normalized to a range from 0 to 100, this can be interpreted as patients who underwent PRK, on average, reported postoperative dry eye symptoms that were 3.99% worse than those reported for LASIK. Women were more likely to report an increase in dry eye symptoms, with a mean difference of 1.76 (95% CI: 0.68 to 2.84, P = .001). Overall, the model was able to account for 31% of the variance in dry eye symptoms (r 2 = 0.31).
There was a negative correlation between preoperative and postoperative dry eye symptoms, indicating that patients with worse dry eye symptoms before surgery tended to have an improvement after surgery (Figure 2) . As with procedure type, the mean difference was small (-0.93, 95% CI: -0.97 to -0.90, P < .001). Age, preoperative refraction, contact lens use, and ablation pattern (wavefront-guided vs conventional) were not associated with dry eye symptoms.
A sensitivity analysis was conducted to see if there was any interaction between procedure type and preoperative dry eye symptoms, and no significant interaction was found (P = .20), indicating that preoperative patient dry eye symptoms did not affect the decision for procedure type. To evaluate for the effect of ablation depth in myopia, an analysis looking specifically at the correlation between preoperative manifest spherical equivalent and change in dry eye symptoms in myopic patients to discern if there was any effect of ablation depth yielded no correlation (P = .31).
A total of 373 (2.8%) patients had severe dry eye (composite score > 66) 3 months postoperatively. Of the 373 patients, 3.3% (n = 236) were women, 2.2% (n = 143) were men (P < .001), and they represented 4.1% (n = 70) of patients who underwent PRK and 2.6% (n = 30) of patients who underwent LASIK (P < .001).
We conducted a logistic regression analysis of this subset to see if there were any unique characteristics about this population. This revealed that the patients who had severe symptoms after surgery were more likely to be women (OR: 1.47, 95% CI: 1.19 to 1.83, P < .001) and have had PRK (OR: 1.66, 95% CI: 1.30 to 2.15, P < .001). There was a weak effect of severe preoperative dry eye symptoms (OR: 1.01 per one-unit increase in dry eye symptoms, 95% CI: 1.00 to 1.02, P < .001). Age was not a significant factor (OR: 1.00, P = .90), nor was degree of preoperative myopia (OR: 1.01, P = .70).
DISCUSSION
The incidence of dry eye syndrome in the normal population ranges between 8% and 34%, with an increasing incidence with age, and is reported more frequently in women than in men. 9, 10 We found greater preoperative dry eye symptoms in women than in men, but in contrast to the available literature, we found no correlation between age and preoperative dry eye symptoms in this patient cohort. Likewise, as has been reported, 11, 12 contact lens wear was also associated with higher reported preoperative dry eye symptoms.
This study group included a population of patients who were found suitable for laser vision correction, and any patients with significant clinical dry eye findings on the preoperative examination were excluded, which may have affected the influence of age on preoperative dry eye in this study. Although patients with clinically significant dry eye were excluded from undergoing surgery, there were still a small number of patients in the cohort who indicated they had moderate to severe dry eye symptoms on the preoperative questionnaire ( Table 1) . Because patients were informed of the confidentiality of this questionnaire, it is possible that they reported dry symptoms on the questionnaire but did not share these with their clinician, which we believe explains this discrepancy.
Also, we did not see an influence of age on the preoperative to postoperative change in dry eye symptoms. This indicates that older patients with healthy, stable ocular surfaces were likely able to withstand LASIK or PRK similar to younger patients. Although tear film quality has been reported to deteriorate with age, 13, 14 older patients with a healthy ocular surface should not be considered at high risk for developing postoperative dry eye symptoms in the 3-month postoperative period. Over a longer time period, Price et al. 4 found that older patients were more likely to report some dry eye symptoms at 3 years after LASIK than younger patients. This study did not examine a longer time point, and it is possible that older patients could experience a deterioration in their ocular surface at longer time points.
On average, we found an increase in patient-reported dry eye symptoms 3 months after surgery. An increase in dry eye symptoms is commonly reported for the first 1 to 3 months after laser vision correction and, in many patients, returns to the preoperative level between 6 and 12 months. 1, 15 In contrast, the PROWL studies found that patients had an average improvement in ocular surface discomfort at the 3-month time point. However, nearly one-third of the cohort who had a normal ocular surface disease index score initially developed dry eye symptoms and 4% to 6% developed severe dry eye symptoms. 6 This is similar to our findings because 20.5% of women and 17.5% of men with mild symptoms preoperatively developed moderate or severe symptoms postoperatively. We also found that the majority of patients who reported moderate to severe symptoms preoperatively experienced symptom resolution postoperatively, regardless of gender.
Several studies have examined risk factors associated with development of dry eye symptoms after laser vision correction. [15] [16] [17] [18] [19] [20] [21] [22] [23] The majority of these suggest that the main risk factors for dry eye after laser vision correction are attempted refractive correction [17] [18] [19] [20] and preoperative dry eye level. [24] [25] [26] Five studies considered age as a possible risk factor for dry eye after laser vision correction. 4, 15, 17, 20, 23 Of the five studies, two Figure 2 . Relationship between the preoperative dry eye composite score and the change in the preoperative to postoperative dry eye score. Each marker represents the average change from preoperative to postoperative for patients with the corresponding preoperative composite score. The line is the linear regression for the correlation between the preoperative composite dry eye score and the change from preoperative to postoperative for all patients.
concluded that age had no effect on dry eye development, 15, 23 and two found that older age was associated with a postoperative decrease in corneal sensitivity, although not necessarily with an increase of dry eye symptoms. 17, 20 Four studies concluded that women are at higher risk for the development of chronic dry eye 16, 18, 20 or reduced corneal sensitivity after laser vision correction. 17 We did find that women were associated with an overall increase in dry eye symptoms after laser vision correction. Overall, the relative increased risk was small. Women reported symptoms that were on average 1.76% greater than in men. Additionally, women had a greater risk of developing severe dry eye symptoms after surgery (OR: 1.47).
In this study, the procedure type was the greatest factor influencing the preoperative to postoperative change in dry eye symptoms. Patients who underwent PRK were more likely to report an increase in dry eye symptoms at the 3-month follow-up. Given the relatively short follow-up period, it is possible that differences between the two procedures could disappear at later times. In a randomized trial of LASIK versus PRK by Murakami and Manche, 15 no statistically significant differences in dry eye or foreign body sensation between PRK and LASIK were found at 12 months. The fact that patients who underwent PRK had a greater increase in dry eye symptoms than patients who underwent LASIK is interesting in light of the greater damage to corneal nerves with LASIK than PRK. It is possible that the neurotrophic effect induced by LASIK results in greater comfort than PRK, because the recovery of corneal sensation to preoperative levels is longer in LASIK. 24, 27 Based on these findings, at least in the near postoperative term, LASIK, rather than PRK, should be considered the procedure producing less dry eye discomfort. This may be an artifact of reduced sensation from a degree of postoperative reduced sensation from delayed corneal nerve healing after LASIK, or it may be due to the potential epithelial instability causing a dryness sensation after PRK.
We found no correlation between the preoperative refractive error and change in dry eye symptoms. Additionally, a sensitivity analysis looking specifically at the amount of intended correction in myopic eyes found no correlation. We can conclude that deeper ablations do not induce more dry eye symptoms in our cohort. Our findings are in contrast to previous studies that report ablation depth and higher preoperative refractions are associated with increased dry eye symptoms. 19, 20 Another significant predictor of change in dry eye symptoms was the preoperative dry eye level. Surprisingly, the correlation was negative, meaning patients with more dry eye symptoms before surgery were more likely to report fewer symptoms after surgery, but the size of the effect was small. One explanation is that all of the patients may have been more attentive to using artificial tears after surgery, which also may have aided their comfort. Although patients with contact lens use had more dry eye symptoms preoperatively, contact lens use versus spectacle use in the final postoperative multivariate model was not associated with a significant change in dry eye symptoms.
The main limitations of our study are the retrospective design and relatively short follow-up period. The literature suggests that dry eye symptoms typically improve a few months after surgery. 1, 2 From our dataset, we were unable to establish which patients were at risk of developing long-term, chronic dry eye. Another limitation of this study was the brief questionnaire used. The questions used in this study have not undergone psychometric evaluation. However, they are similar in terminology and construction to brief dry eye questionnaires used in previous large epidemiology studies. 12, 25, 28 We additionally did not have data on the frequency of artificial tear use, allergy history, or medication use, such as antihistamines or antidepressants, that may affect tear production and therefore act as confounders.
We did not include dry eye findings in our evaluation, which may be a limitation in this study. However, clinical examination dry eye findings have been shown to not be correlated with patient-reported dry eye symptoms after LASIK, 6 and have been shown in multiple studies to not be repeatable or predictive of patient dry eye complaints. 26, 28, 29 For this reason, this study focused on patient-reported dry eye symptoms as an outcome instead of the objective findings of dry eye signs. Patients do not present to clinics after undergoing refractive surgery complaining of corneal epitheliopathy, but they do complain of a persistent sensation of dryness. Patient-reported dry eye symptoms, not clinical findings, are what affect patients in their day-to-day life, and the patient experience of ocular dryness is a major concern for potential refractive surgery patients. The results of this study should help clinicians counsel patients on the risk of dry eye symptoms after refractive surgery.
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